During four years (2007)(2008)(2009)(2010)(2011), resistance of weeds species Xanthium strumarium L. to ALS inhibitors was studied. Seeds of plants for which there existed possibility of resistance occurrence to herbicide imazethapyr were collected from different localities in south Banat, with a long history of ALS inhibitors use in weed control. Studies were performed in Petri dishes assays (Clay and Underwood, 1990), plant studies (Moss, 1995) and testing ALS enzyme activity in vivo (Lovel et al., 1996 a, b). In the trials, as a susceptible standard population of Xanthium strumarium L. from ruderal sites was used. Resistance index was determined in regard to the susceptible population.
Introduction
The use of herbicides as the most effective method of weed control has led to the emergence and spread of resistant weeds. Weed resistance to herbicides is a common phenomenon around the world, especially in developed countries with intensive agricultural production. However, the fact that this phenomenon is not sufficiently explored in developing countries, does not exclude the possibility of resistant populations. The appearance of weeds resistant to herbicides that inhibit the enzyme acetolactate synthase (ALS) was first established by the 1987th in the Lactuca serriola L. (Mallory-Smith et al., 1990a, b) . Since then the number of weed species that have developed resistance to ALS inhibitors herbicides grew much faster than the number of new species resistant to other herbicide groups. The presence of resistant weed species in the area (Simončič et al., 1996; Solymosi and Lechoczki, 1983; Eleftherohorinos et al., 2000) imposed the necessity of monitoring resistance in our country. So far, reduced sensitivity was found in some species, namely: Amaranthus retroflexus L., Chenopodium album L., Abutilon theophrasti Medik. (Janjić et al., 1994a, b) , and confirmed the resistance of weed species on triazine Setaria viridis (L.) Beauv. (Konstantinović, 2001) , Amaranthus retroflexus L. (Konstantinović and Meseldzija, 2001) , Chenopodium hybridum L. (Konstantinović and Meseldzija, 2002) , Abutilon theophrasti Medic. (Konstantinović et al., 2004) and the resistance of weeds to ALS inhibitors Amaranthus retroflexus L. i Echinocloa cruss-gali L. (Konstantinović et al., 2003) In this paper, the occurrence of herbicide resistance development of the weed species Xanthium strumarium L. from various localities in south Banat to herbicide imazetapyr from chemical family Imidazolinones was studied.
Materials and methods
Collecting seeds of the weed Xanthium strumarium L., which is assumed to have developed resistance, was carried out between August and October in the plots of maize and soybeans. Seeds were taken from the plants that survived the herbicide treatment with the mechanism of action of inhibition of ALS. Selected localities were where during many years weed control was done by herbicides from the group of ALS inhibitors.
Bioassay method with the seeds in Petri dishes (90 mm diameter) was used to monitor the reaction of seedlings in different quantity of herbicide. To test the response of the seedlings amount of herbicide applied, the seed 30 is used. In each Petri dish with seeds, 5 ml of a solution of a certain concentration of the herbicide: 0.125, 0.2, 0.25 and 0.3 g/l were added, which corresponds to the quantity e.g. 50, 80, 100 and 120 g. a.i.ha -1 . Seeds of sensitive and resistant populations of Xanthium strumarium L. germinated on filter paper in a number of quantities imazethapyr. Petri dishes were held at room temperature out of direct light. Germination and seedling state were observed in the interval up to 25 days by visual method. The experiment was set up in four replications, with measuring of the length of roots and the number of surviving seedlings (Clay and Undervud,1990) .
Tests on whole plants were conducted under controlled climate conditions with four replications and required 3-4 weeks to determine the degree of sensitivity to imazethapyr. Seeds were planted in pots filled with grey lowland soil. Pots were placed in growth chamber with a 16-h photoperiod at 26 0 C and 8-h dark period at 22 C. Plants were watered daily and fertilized weekly with a complete nutrient solution. Treatments included imazethapyr at 50, 80, 100 and 120 g. a.i./ha and an untreated control. Herbicides treatments were applied using a laboratory sprayer equipped with a Teejet 8002E nozzle calibrated to deliver 200 L ha -1 . It was measured the plant height, fresh and dry weight and total leaf area. Herbicides doses (50, 80, 100 and 120 g. a.i./ha) applied post-em (at 2-leaf stage). Plant length was measured 21 days after treatment and growth was observed up to flowering time. Four plants of each pot were harvested and fresh weights were measured. For the measurement of dry weight there were taken from four each pots of each of the plants dried at room temperature (22-25C) for seven days. The fresh and dry mater was expressed as a percentage of the untreated control. The total leaf area was measured 21 days after herbicide treatment method (Džamić et al., 1999) .
In research, the assay for inhibition of ALS enzyme activity in vivo, was performed according to the method described by Lovell et al. (1996a, b) . Plants were rared and treated with the appropriate herbicide (imazethapyr) in development and application rate as stated above. Foliar applications of solution of 3.8 g/l -1 , CPCA (1,1 -ciclopropandicarboxil acid), containing 0.25% w/v non-ionic surfactant Trend 90 performed 21 hours after herbicide application. Three hours after the administration of CPCA to each plant in the experiment was taken at 0.2 g youngest leaf tissue, minced, and then frozen (-20°C) in order to cause destruction of cells. After 24 hours the samples were removed from the freezer and each was added to 3 ml of distilled water. The samples were then incubated for 5 min at 60°C, then 45 min. at 25°C, with agitation, alternatively to increase the release of acetolactate synthase from the cells. Of each sample was transferred to 3 ml in a test tube and added to each H2SO4 at 75 μl, and then were incubated for 30 min at 60°C to bring about decarboxylation of acetolactate synthase into acetoin. Thereafter, in each sample was added 1 ml of NaOH solution containing 0.9% naphthol and 0.09% creatine and briefly shaken, and then the samples were incubated for 30 min at 60°C, resulting in the color change. After cooling to room temperature the samples were centrifuged for 5 minutes in a centrifuge. Then, its absorbance was read at a wavelength of light of 525 nm using a CECIL 2021 spec-trophotometer, series 2000 th . The measured absorbance values were converted to μg acetoin using the standard curve.
The data were processed by calculating ED 50 (the rate of herbicide required to inhibit measured parameter 50% of R plants divided by the dose required to inhibit 50% of S plants). Based on the value (ED 50 ), in relation to sensitive populations, resistance index (RI) was calculated as a proportion of ED 50 in resistant and ED 50 of susceptible population. To calculate the index of resistance (RI) the formula proposed by Clark and Moss (1989) was used and based on the assessments of sensitivity / resistance of the studied populations. After measuring and systematization, the data were statistically analyzed. For the analysis we used analysis of variance (ANOVA) and the significance of differences was assessed by t-test, while for individual comparisons used the mean value in Statistics 8.0.
Results and discussion
Experiment 1. Bioassay method with the seeds in Petri dishes was used to monitor the reaction of seedlings in different quantity of herbicide. Effect of the herbicide imazethapyr to root length of weed species Xanthium strumarium L. is presented in Graph 1. Based on the reduction of root, no significant differences found between the populations studied.
Graph 1. Effect of the herbicide imazethaphyr
to Xanthium strumarium L. root length
The results of biological tests surviving seedlings in Petri dishes at different amounts of imazretapira presented in Graph 2. By increasing the concentration of the herbicide, the number of surviving seedlings is de-creased in all populations. Based on the survived seedlings, no significant differences between the populations was established.
Graph 2. Effect of imazethapyra on seedlings
of Xanthium strumarium L.
Experiment 2. In the experiments with whole plants, monitored were changes in morphometric parameters (plant height, weight, and leaf area) in the treatments of different amounts of imazethapyr. Effects of herbicides to plant height of weed species Xanthium strumarium L. is given in Graph 3. With increasing concentrations of the herbicide, plant height in populations decreases. Population R1 is sensitive to the applied amount of imazethapyr. Based on the results, the populations of R2 and R3 were sensitive significantly different.
Graph 3. Effect of the herbicide imazethaphyr
to Xanthium stumarium L. plant height Effect herbicide imazethapyr to fresh weight of weed species Xanthium strumarium L. is given in Graph 4. Based on the reduction of fresh weights, significant differences between the populations were found.
Based on the fresh weight, populations R1 and R2 were different from the susceptible population.
Graph 4. Effect of the herbicide imazethaphyr
to Xanthium strumarium L. fresh weigh Effects of applied herbicides on dry weight is shown in Graph 5. Based on the results of the populations of R1 and R2, significantly reduced the dry weight was found as compared to the sensitive population.
Graph 5. Effect of the herbicide imazethaphyr
to Xanthium strumarium L. dry weight Effect of applied herbicides on leaf area is shown in Graph 6. With increasing concentrations of the herbicide, leaf area of plants in populations decreases. Based on the results, no significant differences expected in resistant and susceptible populations.
Graph 6. Effect of herbicides on leaf area of Xanthium strumarium L.
Experiment 3. The results of biochemical tests, after the accumulation of acetoin imazethapyr treatments are shown in Graph 7. The amount of acetoin was reduced under the effect of imazethapyr, the percentage of reduction depends on the amount of imazethapyr Analyzing the results of the influence of herbicides on the activity of ALS enzyme R1 and R2 populations showed statistically significant differences in relation to sensitive populations.
Graph 7. Effect of herbicides on the activity of ALS enzyme Xanthium strumarium L. The highest values of resistance index (Tab. 2) of the measured parameters were determined in the populations R1 and R2.
Conclusions
Based upon results of the resistance studies of different populations of the weed species Xanthium strumarium L. to herbicide imazethapyr, it can be concluded that intensive use of ALS inhibiting herbicides caused differences in susceptibility of weed species Xanthium strumarium L to imazethapyr. The results of the research leads to the conclusion that the populations R1 and R2 from the area south Banat can not be effectively combated by the recommended amount of imazethapyr 100 g/ha. The population R3 can be effectively controlled the recommended amount of imazethapyr. Failure to weed control must not in any case mean that it is a resistance. One has to take into account all the factors that contribute to resistance: analysis of herbicide application, suppression measures, weed species and their developments, the climatic conditions and the use of non-chemical measures. However, if one applies all the above-mentioned measures, it does not mean that resistance will not occur because some of these measures may exhibit unexpected resistance effects.
